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(57) ABSTRACT

An AF evaluation value is computed with excellent precision.
An imaging apparatus (10) includes: an image pickup device
(14) including plural photoelectric conversion elements
arrayed in a first direction and a second direction; a color filter
having repeatedly disposed basic array patterns that each
include plural array lines that each run along the second
direction and include in the second direction at least one of
each of a first filter or second filters with the plural array lines
including plural matching array lines in which the second
direction positions of the first filter match each other and
including at least one array line that has a different array of the
first filters in the second direction to that of the matching array
lines; and an image processing section (20) that reads pixel
signals of the plurality of pixels at a set cycle from the image
pickup device (14), and, from the read pixel signals, generates
line image data of the matching array lines in the base array
pattern, sums together pixels of the first color out of the
generated line image data, generates pixel data based on the
line image data that has been pixel summed, and computes an
evaluation value for contrast AF based on the generated image
data.

18 Claims, 20 Drawing Sheets
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IMAGING DEVICE, METHOD FOR
CONTROLLING IMAGING DEVICE, AND
STORAGE MEDIUM STORING A CONTROL
PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of Interna-
tional Application No. PCT/JP2012/083975, filed Dec. 27,
2012, the disclosure of which is incorporated herein by ref-
erence in its entirety. Further, this application claims priority
from Japanese Patent Application No. 2011-286691, filed
Dec. 27, 2011.

BACKGROUND

1. Technical Field

The present invention relates to an imaging apparatus, and
a control method and a control program for an imaging appa-
ratus, and in particular to an imaging apparatus equipped with
acolorimage pickup device, and a control method and control
program for an imaging apparatus of the same.

2. Related Art

A primary system color Bayer array (see, for example,
Patent Documents 1 to 3), this being a color array widely
employed in color image pickup devices, has red (R) and blue
(B) placed in sequential lines of a chessboard pattern of green
(G) pixels, to which the human eye is most sensitive and that
contribute most to obtaining a brightness signal.
Patent Document 1: Japanese Patent Application Laid-Open

(JP-A) No. 2002-135793
Patent Document 2: Japanese Patent No. 3960965
Patent Document 3: JP-A No. 2004-266369

Technical Problem

However, in a color image pickup device that employs a
conventional Bayer array, for example in cases in which
thinned reading is performed in the vertical direction in order
to generate image data for video use, in situations where for
example one line’s worth of image data has been read for each
2n lines (wherein n is a positive integer) in the vertical direc-
tion (vertical direction 1/2n thinning, even number thinning),
this results in line image data being read that only contains
two colors: G and R, or G and B, and so color reproduction is
not possible. Therefore, in thinned reading, generally one
line’s worth of image data is read for each (2n+1) lines (ver-
tical direction 1/(2n+1) thinning, odd number thinning).
Moreover, in other cases in which thinned reading is per-
formed, in order to obtain color reproduction, horizontal lines
containing G and R, and horizontal lines containing G and B
need to be read alternately, placing severe limitations on
reading methods.

An AF (auto focus) method is known in which focusing is
performed based on image contrast, and referred to as a
contrast AF method. In the contrast AF method, an AF evalu-
ation value is computed, and focusing performed, based on G
pixels that contribute most to obtaining a brightness signal.
The precision of focusing therefore increases with increase in
the precision of the AF evaluation value. In particular, under
image capture conditions of low lighting there are cases in
which a high precision evaluation value with a low brightness
value is not obtained, and the AF precision becomes poor, and
an increase in the precision of the AF evaluation value is
accordingly desired. To increase processing speed, AF con-
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2

trast is generally performed based on a thinned, low resolu-
tion image used by a through-image (live view image).

However, in conventional Bayer arrays, there is a problem
in that, as stated earlier, when thinned, low resolution images
are generated, horizontal lines that include G and R, and
horizontal lines that include G and B, must be alternately
read. It is therefore difficult to obtain an AF evaluation value
with good precision in image capture conditions of low light-
ing due to such a limitation to the read method.

SUMMARY

The present invention addresses the above problem, and an
object thereof is to provide an imaging apparatus, and a con-
trol method and a control program for an imaging apparatus
capable of computation of AF evaluation values of excellent
precision.

Solution to Problem

In order to solve the above problem, an imaging apparatus
of the present invention includes: an image pickup device
including plural photoelectric conversion elements arrayed in
a predetermined first direction and a second direction inter-
secting with the first direction; a color filter that is provided
above plural pixels configured by the plural photoelectric
conversion elements, the color filter having repeatedly dis-
posed basic array patterns that each include plural array lines
that each run along the second direction and include, in the
second direction, at least one of each of a first filter corre-
sponding to a first color that contributes most to obtaining a
brightness signal or each of second filters respectively corre-
sponding to 2 or more second colors other than the first color,
with the plural array lines including plural matching array
lines in which the second direction positions of the first filter
match each other and including at least one array line that has
a different array of the first filters in the second direction to
that of the matching array lines; a line image data generation
section that reads pixel signals of the plural pixels at a set
cycle from the image pickup device, and, from the read pixel
signals, generates, from out of the plural pixels, line image
data of the matching array lines in the base array pattern; a
pixel summing section that sums together pixels at least for
pixels of the first color out of the generated line image data of
the matching array lines; and a computation section that com-
putes an evaluation value for contrast AF based on the line
image data that has been pixel summed.

According to this invention, line image data line image data
is generated for each of matching array lines in which the
second direction positions of the first filter match each other,
pixels of at least one color out of the generated line image data
of the matching array lines are summed together, and a con-
trast AF evaluation value computed. Obtaining an AF evalu-
ation value of high precision is enabled thereby.

Note that in cases in which there are plural sets of the
matching array lines present in the basic array pattern, the line
image data generation section may generate line image data
for the matching array lines of the set with the greatest num-
ber of the first filter.

According to this invention, line image data ofthe set of the
matching array lines with greatest number of the first filter is
generated, and pixels are summed together at least for pixels
of the first color of the generated line image data of the
matching array lines and a contrast AF evaluation value com-
puted. Obtaining an AF evaluation value of higher precision is
enabled thereby.
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Moreover in cases in which there are plural sets of the
matching array lines present in the basic array pattern, the line
image data generation section may generate line image data
for all the sets of the matching array lines, and the pixel
summing section may sum together pixels of the first color in
the line image data for each of the sets of the matching array
lines.

According to this invention, in cases in which there are
plural sets of the matching array lines present, line image data
for all the sets of the matching array lines are generated, and
pixels of the first color in the line image data are summed
together for each of the sets of the matching array lines. This
thereby enables an AF evaluation value of higher precision to
be obtained.

Moreover, the line image data generation section may gen-
erate line image data of matching array lines that are posi-
tioned closest to each other in the first direction.

According to this invention, line image data of matching
array lines that are positioned closest to each other in the first
direction are respectively generated and pixel summed,
thereby obtaining an AF evaluation value with excellent pre-
cision.

Moreover, the line image data generation section may read
pixel signals of the plural pixels at the set cycle from the
image pickup device, and may read the pixel signals of the
matching array lines in the basic array pattern, from out of the
plural pixels, to generate the line image data.

Moreover, configuration may be made such that: at least
one of the first filters is placed in each line in the color filter
plane in the first direction, the second direction, and third
directions that intersect with the first direction and the second
direction; and the second filters that respectively correspond
to each color of the second colors are placed such that there is
at least one of each, in each line of the basic array pattern in
the first direction and the second direction.

According to this invention, since the first filters corre-
sponding to the first color that contributes most to obtaining a
brightness signal are placed in each line in the color filter from
the first direction line to the third direction line, an increase
the reproduction precision of synchronization processing in
high frequency regions is enabled. Moreover, the second fil-
ters corresponding to each of 2 or more of the second colors
other than the first color are placed such that there is at least
one of each in each line in the basic array pattern in the first
direction and the second direction, thereby enabling a reduc-
tion in the generation of color moire (false color), and higher
resolution images to be achieved.

Moreover, the color filter may include a square array cor-
responding to 2x2 pixels configured from the first filter.

According to this invention, which direction, out of each of
the four directions, is the brightness correlation direction can
be determined by determination of the minimum pixel sepa-
ration based on difference values of pixel values between
each of the pixels of the 4 pixels of the square array corre-
sponding to the 2x2 pixels.

Moreover, configuration may be made such that the first
color is green (G), and the second colors are red (R) and blue
B).

Moreover, configuration may be made such that: the color
filter includes an R filter, a G filter, and a B filter correspond-
ing to colors red (R), green (G) and blue (B); and the color
filter is configured by a first array and a second array alter-
nately arrayed in the first direction and the second direction,
in which the first array corresponds to 3x3 pixels with the G
filter placed at the center and the 4 corners, the B filter placed
at the top and bottom of the central G filter, and the R filter
placed at the left and right of the central G filter, and the
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second array corresponds to 3x3 pixels with the G filter
placed at the center and the 4 corners, the R filter placed at the
top and bottom of the central G filter, and the B filter placed at
the left and right of the central G filter.

According to this invention, if 5x5 pixels (a local region of
amosaic image) are extracted centered on the first array or the
second array, 2x2 pixels of G pixels are present at the 4
corners of the 5x5 pixels. The pixel values of these 2x2 pixels
of G pixels can be employed to determine the correlation
direction out of 4 directions.

Moreover, configuration may be made such that: the color
filter includes an R filter, a G filter, and a B filter correspond-
ing to colors red (R), green (G) and blue (B); and the color
filter is configured by a first array and a second array alter-
nately arrayed in the first direction and the second direction,
in which the first array corresponds to 3x3 pixels with the R
filter placed at the center, the B filter placed at the 4 corners,
and the G filter placed at the top, bottom, left and right of the
central R filter, and the second array corresponds to 3x3
pixels with the B filter placed at the center, the R filter placed
atthe 4 corners, and the G filter placed at the top, bottom, left
and right of the central B filter.

According to this invention, if 5x5 pixels (a local region of
amosaic image) are extracted centered on the first array or the
second array, there is a G pixel present in adjacent contact in
the horizontal direction and the vertical direction with the
central pixel (the R pixel or the B pixel) of the 5x5 pixels. The
pixel values of these G pixels (a total of 8 pixels) can be
employed to determine the correlation direction out of 4
directions.

Moreover, configuration may be made such that the color
filter has line point symmetry about the center of the basic
array pattern.

According to this invention, a reduction in the circuit scale
of'a processing circuit at a later stage is enabled.

An imaging apparatus of the present includes: an image
pickup device including plural photoelectric conversion ele-
ments arrayed in a predetermined first direction and a second
direction intersecting with the first direction; a color filter that
is provided above plural pixels configured by the plural pho-
toelectric conversion elements, the color filter having repeat-
edly disposed basic array patterns that each include plural
array lines that each run along the second direction and
include in the second direction at least one of each of a first
filter corresponding to a first color that contributes most to
obtaining a brightness signal or each of second filters respec-
tively corresponding to 2 or more second colors other than the
first color, with the plural array lines including at least plural
first matching array lines in which the second direction posi-
tions of the first filter match each other, and plural second
matching array lines that have a different array of the first
filters in the second direction to that of the first matching array
lines; a line image data generation section that reads pixel
signals of the plural pixels at a set cycle from the image
pickup device, and, from the read pixel signals, generates line
image data of the matching array lines of the set with the
greatest number of the first filter out of the matching array
lines; and a computation section that computes an evaluation
value for contrast AF based on the line image data generated
by the line image data generation section.

According to this invention, evaluation values for contrast
AF are computed based on the line image data of the set of
matching array lines with the greatest number of the first
filter. This thereby enables computing of a contrast AF evalu-
ation value with excellent precision, without summing pixels.

A control method for the imaging apparatus of the present
is a control method for an imaging apparatus equipped with
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an image pickup device including plural photoelectric con-
version elements arrayed in a predetermined first direction
and a second direction intersecting with the first direction,
and a color filter that is provided above plural pixels config-
ured by the plural photoelectric conversion elements, the
color filter having repeatedly disposed basic array patterns
that each include plural array lines that each run along the
second direction and include in the second direction at least
one of each of a first filter corresponding to a first color that
contributes most to obtaining a brightness signal or each of
second filters respectively corresponding to 2 or more second
colors other than the first color, with the plural array lines
including plural matching array lines in which the second
direction positions of the first filter are the same as each other
and including at least one array line that has a different array
of the first filters in the second direction to that of the match-
ing array lines. The control method including: reading pixel
signals of the plural pixels at a set cycle from the image
pickup device; from the read pixel signals, generating from
out of the plural pixels, line image data of the matching array
lines in the base array pattern; summing together pixels at
least for pixels of the first color out of the generated line image
data of the matching array lines; and computing an evaluation
value for contrast AF based on the line image data that has
been pixel summed.

A control program of the present is a control program that
causes processing to be executed in a computer to control an
imaging apparatus equipped with an image pickup device
including plural photoelectric conversion elements arrayed in
a predetermined first direction and a second direction inter-
secting with the first direction, and a color filter that is pro-
vided above plural pixels configured by the plural photoelec-
tric conversion elements, the color filter having repeatedly
disposed basic array patterns that each include plural array
lines that each run along the second direction and include in
the second direction at least one of each of a first filter corre-
sponding to a first color that contributes most to obtaining a
brightness signal or each of second filters respectively corre-
sponding to 2 or more second colors other than the first color,
with the plural array lines including plural matching array
lines in which the second direction positions of the first filter
match each other and including at least one array line that has
a different array of the first filters in the second direction to
that of the matching array lines. The processing including: a
step of reading pixel signals of the plural pixels at a set cycle
from the image pickup device; a step of, from the read pixel
signals, generating, from out of the plural pixels, line image
data of the matching array lines in the base array pattern; a
step of summing together pixels at least for pixels of the first
color out of the generated line image data of the matching
array lines; and a step of computing an evaluation value for
contrast AF based on the line image data that has been pixel
summed.

A control program of the present invention is a control
program that causes processing to be executed in a computer,
the processing including: a step of generating line image data
from pixel signals of pixel signals that have been read at a set
cycle from plural pixels in an image pickup device, the image
pickup device including plural photoelectric conversion ele-
ments arrayed in a predetermined first direction and a second
direction intersecting with the first direction, and a color filter
that is provided above plural pixels configured by the plural
photoelectric conversion elements, the color filter having
repeatedly disposed basic array patterns that each include
plural array lines that each run along the second direction and
include in the second direction at least one of each of a first
filter corresponding to a first color that contributes most to
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obtaining a brightness signal or each of second filters respec-
tively corresponding to 2 or more second colors other than the
first color, with the plural array lines including plural match-
ing array lines in which the second direction positions of the
first filter are the same as each other and including at least one
array line that has a different array of the first filters in the
second direction to that of the matching array lines, and the
line image data being generated for each of the matching
array lines in the basic array pattern out of the plural pixels; a
step of summing together pixels at least for pixels of the first
color out of the generated line image data of the matching
array lines; and a step of computing an evaluation value for
contrast AF based on the line image data that has been pixel
summed.

Advantageous Effects of Invention

The invention has an advantageous effect of enabling com-
putation of an AF evaluation value of excellent precision.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic block diagram of an imaging appa-
ratus according to a first exemplary embodiment.

FIG. 2 is a configuration diagram of a color filter according
to the first exemplary embodiment.

FIG. 3 is a diagram illustrating a basic array pattern con-
tained in a color filter according to the first exemplary
embodiment.

FIG. 4 is a diagram illustrating a color filter in which 6x6
pixel basic array patterns contained in a color filter according
to the first exemplary embodiment are split into 3x3 pixel A
arrays and B arrays, that are repeatedly disposed along a
horizontal direction and a vertical direction.

FIG. 5 is a diagram illustrating a distinctive placement of G
pixels in a color filter according to the first exemplary
embodiment.

FIG. 6 is an explanatory diagram regarding pixel summing
processing according to the first exemplary embodiment.

FIG. 7 is a flow chart illustrating processing executed by a
control section.

FIG. 8 is a configuration diagram of a color filter according
to a second exemplary embodiment.

FIG. 9 is a diagram illustrating a basic array pattern con-
tained in a color filter according to the second exemplary
embodiment.

FIG. 10A is a diagram illustrating a color filter in which
6x6 pixel basic array patterns contained in a color filter
according to the second exemplary embodiment are split into
33 pixel A arrays and B arrays that are repeatedly disposed
along a horizontal direction and a vertical direction.

FIG. 10B is a diagram illustrating a distinctive placement
of G pixels in a color filter according to the second exemplary
embodiment.

FIG. 11 is an explanatory diagram regarding pixel sum-
ming processing according to the second exemplary embodi-
ment.

FIG. 12 is a diagram of a modified example of a color filter.

FIG. 13 is a diagram of a modified example of a color filter.

FIG. 14 is a diagram of a modified example of a color filter.

FIG. 15 is a diagram of a modified example of a color filter.

FIG. 16 is a diagram of a modified example of a color filter.

FIG. 17 is a diagram of a modified example of a color filter.

FIG. 18 is an explanatory diagram regarding a case in
which lines with the most G pixels are read and an AF evalu-
ation value is computed.
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FIG. 19 is an explanatory diagram regarding a case in
which lines with the most G pixels are read and an AF evalu-
ation value is computed.

FIG. 20 is a diagram of a modified example of a color filter.

DESCRIPTION OF EMBODIMENTS

Explanation follows regarding exemplary embodiments of
the present invention, with reference to the drawings.

First Exemplary Embodiment

FIG.11s a schematic block diagram illustrating an imaging
apparatus 10 according to the present exemplary embodi-
ment. The imaging apparatus 10 is configured including an
optical system 12, an image pickup device 14, an image
capture processing section 16, an image processing section
20, a drive section 22, and a controller 24.

The optical system 12 is configured including, for
example, a lens set configured from plural optical lenses, an
aperture adjustment mechanism, a zoom mechanism, and an
automatic focusing mechanism.

The image pickup device 14 is what is referred to as a
1-chip image pickup device configured by an image pickup
device, such as for example a Charge Coupled Device (CCD)
or a Complementary Metal Oxide Semiconductor (CMOS),
containing plural photoelectric conversion elements arrayed
in the horizontal direction and vertical direction, with a color
filter disposed above the image pickup device.

FIG. 2 illustrates a portion of a color filter according to the
present exemplary embodiment. One out of 3 primary color
filters red (R), green (G) and blue (B) is placed over each of
the pixels.

Color Filter Array Features

The color filter of the first exemplary embodiment includes
the following features (1) to (6).

Feature (1)

The color filter array has a repeatedly disposed basic array
pattern of a predetermined pattern of (NxM) pixels (wherein
N, M are integers of 3 or more) in the vertical direction and the
horizontal direction of the 3 primary color filters red (R),
green (G) and blue (B), wherein the green (G) filter and at
least one color filter out of the red (R) or the blue (B) is placed
in each of the vertical direction and the horizontal direction.

The color filter according to the present exemplary
embodiment illustrated in FIG. 2 includes a basic array pat-
tern P (the pattern indicated by the bold frame) formed from
square array patterns corresponding to, as an example, 6x6
pixels (N=M=6), with the basic array pattern P disposed so as
to repeat in both the vertical direction (a first direction) and
the horizontal direction (a second direction). Namely, the
color filter is arrayed such that the respective filters of each
color R, G, B (the R filters, G filters, B filters) have a specific
periodicity.

Thus arraying the R filters, G filters and B filters with a
specific periodicity enables processing to be performed in a
repeating pattern during, for example, synchronization pro-
cessing (also referred to as demosaic processing, the same
applies below) of R, G, B signals read from the color image
pickup device.

Feature (2)

The color filter array illustrated in FIG. 2 has the G filter,
that corresponds to the color contributing the most to obtain-
ing a brightness signal (the color G in the present exemplary
embodiment) placed in each line in the color filter array in the
vertical direction that is the first direction, the horizontal
direction that is the second direction, and third directions in
the color filter plane that intersects with the first direction and
the second direction, namely diagonal directions (NE, NW)
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(third directions). Note that NE means a diagonal direction
toward the top right, and NW means a diagonal direction
toward the bottom right. For example, for a square pixel array,
the diagonal top right direction and the diagonal bottom right
direction are directions at 45° with respect to the horizontal
direction. However, in a rectangular pixel array, these are the
directions of the pair of diagonals of a rectangle, and their
angle varies according to the lengths of the long sides and the
short sides.

Placing the G filters corresponding to the brightness sys-
tem pixels in each of the lines in the vertical direction, hori-
zontal direction, and diagonal directions (NE, NW) of the
color filter array, enables the reproduction precision of syn-
chronization processing to be raised in high frequency
regions, irrespective of the directionality of the high fre-
quency.

Feature (3)

In the color filter array illustrated in FIG. 2, 1 or more of
each of the R filter and B filter, corresponding to the 2 or more
colors other than the above color G (colors R, B in the present
exemplary embodiment), is disposed in each line in the basic
array pattern P in the vertical direction and horizontal direc-
tion of the color filter array.

Disposing the R filter and the B filter in each line in the
vertical direction and horizontal direction of the color filter
array enables generation of color moire (false color) to be
reduced.

This thereby enables an optical low pass filter for suppress-
ing false color generation to be omitted from placement on the
optical path ofthe optical system, from the incident face to the
imaging plane, or, even in cases in which an optical low pass
filter is applied, one can be employed that has a weak action
to cut the high frequency components to prevent false color
generation, thereby enabling deterioration of resolution to be
avoided.

Feature (4)

FIG. 3 illustrates a state in which the basic array pattern P
illustrated in FIG. 2 has been divided into 4 sets of 3x3 pixels.

The basic array pattern P, as illustrated in FIG. 3, may be
achieved by arraying an A array of the 3x3 pixels surrounded
by the solid line frame, and a B array of the 3x3 pixels
surrounded by the broken line frame, so as to be alternately
disposed along the horizontal and vertical directions.

Inboth the A array and the B array, the G filters that are the
brightness system pixels are placed at the 4 corners and at the
center, thereby being placed over both diagonal lines. In the A
array, R filters are placed on both sides of the central G filter
in the horizontal direction, and B filters are placed on both
sides of the central G filter in the vertical direction. However
in the B array, B filters are placed on both sides of the central
G filter in the horizontal direction, and R filters are placed on
both sides of the central G filter in the vertical direction.
Namely, the A array and the B array have reverse positional
relationships for the R filters and the B filters, but have similar
placement otherwise.

Due to disposing the A array and the B array alternately in
the vertical direction and the horizontal direction, as illus-
trated in F1G. 4, the 4 corner G filters in the A array and the B
array form square array G filters corresponding to 2x2 pixels.

Namely, the color filter array (basic array pattern P) illus-
trated in FIG. 2 includes square arrays corresponding to 2x2
pixels configured by G filters.

When, as illustrated in FIG. 5, a 5x5 pixel local region
centered on an A array is extracted from a mosaic image
output from the image pickup device 14, the 2x2 pixels of G
pixels at the 4 corners in the local region are disposed as
illustrated in FIG. 5.
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As illustrated in FIG. 5, taking the pixel values of the 2x2
pixels of G pixels as G1, G2, G3, G4 in sequence from top left
to bottom right, the vertical direction difference absolute
value of the pixel values of these G pixels is (IG1-G3I+IG2-
G41)/2, the difference absolute value in the horizontal direc-
tion is (IG1-G2I+IG3-G41)/2, the difference absolute value
in the diagonal direction towards the top right is IG2-G31, and
the difference absolute value in the diagonal direction
towards the top left is IG1-G4I.

The correlation (correlation direction) can then be deter-
mined as the direction with the smallest difference absolute
value out of these four correlation absolute values.

As illustrated in FIG. 4 or FIG. 5, when a 5x5 pixel local
region is extracted from a mosaic image such that the 3x3
pixel A array is positioned at its center, there are 2x2 pixels of
G pixels placed at the 4 corners thereof. Consequently, when
the 3x3 pixels of the A array inside the above local region are
pixels subject to synchronization processing, the sums (or the
average values) of the correlation absolute values of the 4
corners are derived separately for each direction, and the
direction having the smallest value out of the sums (or the
average values) of the correlation absolute values for each
direction is determined as the brightness correlation direction
of'the pixels subject to synchronization processing. The deter-
mined correlation direction may be employed when perform-
ing synchronization processing or the like.

Feature (5)

Moreover, the basic array pattern P configuring the color
filter array illustrated in FIG. 2 has point symmetry about the
center of the basic array pattern (the center of the 4 G filters).
Moreover, as illustrated in FIG. 3, each of the A array and the
B array inside the basic array pattern also respectively have
point symmetry about the central G filters, and also have
top-bottom and left-right symmetry (line symmetry).

This symmetry enables the circuit scale of a processing
circuit ata later stage to be made smaller, and to be simplified.

Feature (6)

The G filter of the basic array pattern P configuring the
color filter array illustrated in FIG. 2 includes plural matching
array lines running along the horizontal direction with G
filters at matching positions in the horizontal direction. For
example, as illustrated in FIG. 6, the 1°* line, 37 line, 4 line,
and 6” line in the vertical direction each have G filters in
matching positions in the horizontal direction. Moreover, the
2"? line and the 5% line also have G filters in matching posi-
tions in the horizontal direction. Consequently, when a con-
trast AF method is applied as an AF method and an AF
evaluation value computed based on the pixel values of G
pixels, line image data of matching arrays with G filters in
matching positions in the horizontal direction is read, and G
pixels with matching positions in the horizontal direction are
summed together. An increase in the precision of AF evalua-
tion values is thereby enabled.

The image capture processing section 16 performs prede-
termined processing on image capture signals output from the
image pickup device 14, such as amplification processing,
correlation double sampling processing and AID conversion
processing, and then outputs these as image data to the image
processing section 20.

The image processing section 20 subjects the image data
output from the image capture processing section 16 to what
is referred to as synchronization processing. Namely, for all
the pixels, interpolation is performed of image data for colors
other than the corresponding respective color from pixel data
ofperipheral pixels, so as to generate R, G, B pixel data for all
pixels. Then, what is referred to as YC conversion processing
is performed to the generated R, G, B image data, to generate
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brightness data’Y and color difference data Cr, Cb. Resizing
processing is then performed to re-size these signals to a size
according to the image capture mode.

The drive section 22 drives operations such as reading of
image capture signals from the image pickup device 14
according to instruction from the controller 24.

The controller 24 performs overall control, such as of the
drive section 22 and the image processing section 20, accord-
ing to such factors as the image capture mode. Detailed
description is given later, however, briefly, the controller 24
instructs the drive section 22 to read image capture signals
with a reading method according to the image capture mode,
and instructs the image processing section 20 to perform
image processing according to the image capture mode.

Since, depending on the image capture mode, there is a
need to thin and read the image capture signals from the
image pickup device 14, the controller 24 instructs the drive
section 22 so as to thin with a thinning method according to
the instructed image capture mode and to read the image
capture signals.

As the image capture mode, there is a still image mode that
captures a still image, and video modes, including an HD
video mode that thins a captured image and generates High
Definition (HD) video data at a comparatively high resolution
and records this on a recording medium such as a memory
card, not illustrated in the drawings, and a through video
mode (live-view mode) in which a captured image is thinned
and a through video (live-view image) of comparatively low
resolution is output to a display section, not illustrated in the
drawings. However, the type of image capture mode is not
limited thereto.

Explanation next follows regarding processing executed
by the controller 24 as operation of the present exemplary
embodiment, with reference to the flow chart illustrated in
FIG. 7.

Note that the processing illustrated in FIG. 7 is performed
during still image capture by a user in which an attempt is
made to focus on a subject by half pressing the shutter button
(or the shutter switch), for example. The following explana-
tion describes a case in which line image data at a predeter-
mined position in the vertical direction is read, namely a case
in which reading is performed in which lines other than lines
in the predetermined position in the vertical direction are
thinned (left out). The line image data in this case is a collec-
tion of pixel data of pixels in a row along the horizontal
direction.

First, at step 100, the drive section 22 is instructed to read
image data using a thinning method corresponding to the
image capture mode.

In the present exemplary embodiment, the drive section 22
is instructed to read line image data along the horizontal
direction for each of the matching array lines with G filters at
matching positions along the horizontal direction of the basic
array pattern P from the image pickup device 14 (in the
present exemplary embodiment the drive section 22 and the
controller 24 correspond to the line image data generation
means).

Inthe case ofthe color filter illustrated in FIG. 6, line image
data of the 15 line, the 3"?line, the 47 line, and the 6” line have
G filters in matching positions along the horizontal direction
in the basic array pattern P. Moreover, the line image data of
the 2" line and the 5% line also have G filters at matching
positions in the horizontal direction. In this case, the number
of G pixels in the horizontal direction of the basic array
pattern P is greater in a first set, this being the line image data
of the 1 line, the 37 line, the 47 line, and the 67 line, com-
pared to in a second set, this being the line image data of the
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2" line and the 5% line. Consequently, in the present exem-
plary embodiment, the drive section 22 is instructed to read
line image data of the 4 lines of the first set, in which the
number of G pixels is greater.

At step 102, pixel summing processing is executed that
sums G pixels in the line image data of the read matching
arrays with G filters in matching positions in the horizontal
direction, and the image processing section 20 is instructed to
execute processing that computes an AF evaluation value
based on image data after pixel summing processing (in the
present exemplary embodiment, the image processing section
20 and the controller 24 correspond to the pixel summing
means and the computation means).

Accordingly, as illustrated in FIG. 6, line image data is
generated, for each basic array pattern P, in which G pixels
that having matching positions in the horizontal direction of
line image data of the 1* line, the 3"“line, the 4™ line, and the
6" line are summed together (first lines). Image data, based
on line image data in which pixel summing has been per-
formed for each basic array pattern P, then becomes the image
data employed for the AF evaluation value computation, and
a contrast AF evaluation value is computed for contrast AF
based on this image data.

Accordingly, in cases in which there are plural sets present
that are sets of lines have matching arrays of G pixel posi-
tions, since G pixels of line image data of the matching array
lines with the greatest number of G pixels are summed
together, computation of a high precision AF evaluation value
is enabled.

Note that the controller 24 and the image processing sec-
tion 20 may be configured by a computer including a CPU,
ROM, RAM and non-volatile ROM. In such cases, the pro-
cessing program for the above processing may, be pre-stored
on the non-volatile ROM, and may be executed by reading by
the CPU for example.

Accordingly, in the present exemplary embodiment, the
color filter includes plural lines that are matching arrays with
G pixels in matching positions in the horizontal direction of
the basic array pattern P, and pixel summing processing is
executed that sums together pixels of the same color in line
image data of read matching arrays, thereby enabling com-
putation of a high precision AF evaluation value.

Note that, as described above, in cases in which there are
three or more matching array lines present in the basic array
pattern P with G pixels at matching positions along the hori-
zontal direction, G pixels in matching positions in the hori-
zontal direction of line image data may be summed together
for all matching array lines, however pixel summing may be
performed for only some of the matching array lines. In this
case, it is preferable to read at least line image data of each of
the matching array lines positioned closest to each other in the
vertical direction, and to sum together G pixels with matching
positions in the horizontal direction. An image of excellent
image quality is obtained thereby.

Moreover, in the above description, in cases where there
are plural sets present that are sets of lines have matching
arrays of G pixel positions, G pixels of line image data of the
matching array lines having the most G pixels are summed
together. However, as illustrated for example in FIG. 6, G
pixels may be summed together in line image data of match-
ing array lines of the 2" line and 5 line, in which the number
of G pixels is less (second lines).

Moreover, pixel summing may be performed for all sets, to
sum together pixels that are C pixels of line image data of
matching array lines. Namely, configuration may be made
such that computation of the AF evaluation value is per-
formed based on image data in which line image data of the
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first lines, in which G pixels of line image data of the first set
having the greater number of G pixels have been pixel
summed together, are alternately disposed in the vertical
direction with line image data of the secondary lines, in which
G pixels of line image data of the second set having the fewer
number of G pixels have been pixel summed.

Moreover, although explanation has been given in the
present exemplary embodiment of an example in which pixel
values of G pixels in matching positions in the horizontal
direction are simply summed, there is no limitation thereto,
and weighted summing may be performed.

Moreover, there is no limitation to when capture of still
images is performed, and the above processing may be
executed when capturing video.

Second Exemplary Embodiment

Explanation next follows regarding a second exemplary
embodiment of the present invention. Explanation is given of
a modified example of a color filter in the present exemplary
embodiment.

FIG. 8 illustrates a color filter according to the present
exemplary embodiment. The color filter according to the
present exemplary embodiment, as illustrated in FIG. 8,
includes a basic array pattern P (the pattern indicated by the
bold frame) formed from a square array pattern correspond-
ing to 6x6 pixels, with the basic array pattern P disposed so as
to repeat in both the horizontal direction and the vertical
direction. Namely, the color filter array is arrayed such that
the respective filters of each color R, G, B (the R filters, G
filters, B filters) have a specific periodicity.

Moreover, in the color filter array illustrated in FIG. 8, the
Cfilter is placed in each line of the color filter array in both the
vertical direction and horizontal direction.

Moreover, in the color filter array illustrated in FIG. 8, one
or more respectively of the R filter and the B filter is placed in
the basic array pattern P in each of the lines of the color filter
array in both the vertical direction and horizontal direction.

FIG. 9 illustrates a state in which the basic array pattern P
illustrated in FIG. 8 has been divided into 4 sets of 3x3 pixels.

The basic array pattern P illustrated in FIG. 9 may be
perceived as an A array of the 3x3 pixels surrounded by the
solid line frame, and a B array of the 3x3 pixels surrounded by
the broken line frame, alternately disposed along the horizon-
tal and vertical directions.

In the A array, the R filter is placed at the center, and the B
filters are placed at the 4 corners, and G filters are placed on
both sides of the central R filter at the top and bottom, and left
and right. However in the B array, the B filter is placed at the
center, and the R filters are placed at the 4 corners, and G
filters are placed on both sides of the central B filter at the top
and bottom, and left and right. Namely, the A array and the B
array have reverse positional relationships for the R filters and
the B filters, but have similar placement otherwise.

As illustrated in FIG. 10A, the color filter of the first exem-
plary embodiment may be perceived as the A array and the B
array, arrayed alternately in the vertical direction and the
horizontal direction.

As illustrated in FIG. 10A, when a 5x5 pixel local region (a
region illustrated by a bold line frame) centered on an A array
is extracted from a mosaic image output from the image
pickup device 14, the 8 individual G pixels within this local
region are placed in a cross shape, as illustrated in FIG. 10B.
The G pixels therein are denoted, in sequence from left to
right, G1, G2, G3, G4, and in sequence from top to bottom,
G5, G6, G7, G8. Thus the pixels G1, G2, and the pixels G3,
G4 are in adjacent contact with each other in the horizontal
direction, the pixels G5, G6 and the pixels G7, G8 are in
adjacent contact with each other in the vertical direction, the
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pixels G6, G3 and the pixels G2, G7 are in adjacent contact
with each other in the diagonal direction toward the top left,
and the pixels G6, G2 and the pixels G3, G7 are in adjacent
contact with each other in the diagonal direction toward the
top right.

Thus deriving the difference absolute values of the pixel
values of these adjacent pixels, enables the direction from out
of each of the horizontal, vertical and diagonal directions
(NE, NW) that has the smallest change in brightness (the
correlation direction with the highest correlation) to be deter-
mined by the minimum pixel separation.

Namely, the sum of the difference absolute values in the
horizontal direction is 1G1-G21+/G3-G4|, the sum of the
difference absolute values in the vertical direction is 1G5-
G61+1G7-G8I, the sum of the difference absolute values in
the diagonal direction towards the top right is |G6-G2[+|G3-
G7I, and the sum of the difference absolute values in the
diagonal direction towards the top left is IG6-G31+/G2-G7I.

The correlation (correlation direction) can then be deter-
mined as the direction with the smallest difference absolute
value out of these four correlation absolute values. Note that
the determined correlation direction can be employed during
the performance of processing such as synchronization pro-
cessing.

The basic array pattern P that configures the color filter
illustrated in FIG. 8 has point symmetry about the center of
the basic array pattern P.

As illustrated in FIG. 9, the A array and the B array in the
basic array pattern each have point symmetry about a central
R filter, or B filter, and are top-bottom and left-right sym-
metrical (have line symmetry).

Moreover, the basic array pattern P configuring the color
filter array illustrated in FIG. 8 includes plural matching array
lines running along the horizontal direction with G filters at
matching positions in the horizontal direction. As illustrated
in FIG. 11 for example, the 1 line, the 3’ line, the 4" line,
and the 6” line in the vertical direction each have G filters in
matching positions in the horizontal direction. Moreover, the
2" line and the 5" line also have G filters in matching posi-
tions in the horizontal direction.

Thus the color filter according to the present exemplary
embodiment has characteristics that are the same as the fea-
tures (1), and (3) to (6) of the color filter according to the first
exemplary embodiment.

Inthis case, asillustrated in FIG. 11, the number of G pixels
in the horizontal direction of the basic array pattern P is less
in the first set, this being the line image data of the 1% line, the
3" line, the 4" line, and the 6” line, compared to the second
set, this being the line image data of the 2" line and the 5%
line. Consequently, in the present exemplary embodiment, at
step 100 in FIG. 7, the controller 24 instructs the drive section
22 to read line image data of the two lines of the second set
that has a greater number of G pixels.

Subsequently, at step 102 in FIG. 7, the controller 24
instructs the image processing section 20 to execute pixel
summing processing that sums read G pixels of line image
data of arrays having G filters in matching positions in the
horizontal direction, and to execute processing that computes
an AF evaluation value based on image data after pixel sum-
ming processing.

Accordingly, as illustrated in FIG. 11, line image data is
generated for each basic array pattern P in which G pixels
having matching positions in the horizontal direction of line
image data of the 2% line, and 5” line are summed together
(first lines). Image data, based on line image data in which
pixel summing has been performed for each basic array pat-
tern P, then becomes the image data employed for the AF
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evaluation value computation, and a contrast AF evaluation
value is computed for contrast AF based on this image data.

Accordingly, in cases in which there are plural sets of lines
present that have matching arrays of G pixel positions, since
G pixels of line image data of the matching array lines with
the greatest number of G pixels are summed together, com-
putation of a high precision AF evaluation value is enabled.

Note that, as illustrated in FIG. 11, configuration may be
made so as to sum G pixels of line image data of the 1°* line,
the 3" line, the 47 line, and the 67 line, in which the number
of G pixels is less (second lines).

Moreover, configuration may be made such that, for all
sets, image pixels that are G pixels of line image data of
matching array lines are pixel summed together. Namely,
configuration may be made such that computation of the AF
evaluation value is performed based on image data in which
line image data of the first lines, in which G pixels of line
image data of the second set having the greater number of G
pixels have been pixel summed together, are alternately dis-
posed in the vertical direction with line image data of the
secondary lines, in which G pixels of line image data of the
first set having the fewer number of G pixels have been pixel
summed.

Moreover, the color filter arrays are not limited to those
explained in each exemplary embodiment; the present inven-
tion may also be applied to an imaging apparatus including an
image pickup device with a color filter array like that
described below.

A color filter array having a 3x3 pixel color filter basic
array pattern P like that illustrated in FIG. 12 is an example of
a color filter array having the above features (1), (2), (4), (5)
and (6). This color filter array is configured by a repeating
basic array pattern with the G filters placed at the center and
the 4 corners out of the 3x3 pixels, and the same number each
of R and B placed on the remaining 4 pixels.

Moreover, as a color filter array having the above features
(1), (3), (4), (5) and (6), there is a color filter array of 4x4
pixels of a basic array pattern P such as that illustrated in FI1G.
13. This color filter array is configured by a repeating basic
array pattern set with G placed along the two diagonal direc-
tions in the 4x4 pixels, and with R, B pixels placed on the
remaining pixel positions such that there is 1 or more of each
disposed in each of the horizontal direction and vertical direc-
tion lines in the 4x4 pixels, set such the number of G is greater
than the number of R and the number of B.

Moreover, as a color filter array having the above features
(1), (2),(3),(4), (5), and (6), there is, as illustrated in FIG. 14,
a color filter array in which the basic array pattern P has 5x5
pixels. This color filter array is configured by a repeating
basic array pattern set with G placed along the two diagonal
directions in the 5x5 pixels, and with R, B pixels placed on the
remaining pixel positions such that there is 1 or more of each
disposed in each of the horizontal direction and vertical direc-
tion lines in the 5x5 pixels, set such the number of G is greater
than the number of R and the number of B.

Moreover, as a color filter array having the above features
(1), (2),(3),(4), (5), and (6), there is, as illustrated in FIG. 15,
a color filter array in which the basic array pattern P has 6x6
pixels. This color filter array is configured by a repeating
basic array pattern including a first sub array with G placed in
arectangular shape at the external perimeter ofan R or B, and
a second sub array in which G is placed at a center portion,
with two of each of the sub arrays alternately disposed so as
to be adjacent to each other along the horizontal direction and
the vertical direction. Such an array is feature (3) with the
additional characteristic of 1 or more of each of R and B being
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placed in each line in the diagonal (NE, NW) directions (third
directions) of the color filter array.

Moreover, as a color filter array having the above features
(D), (2), (3), (4), (5), and (6), there is, as illustrated in FIG. 16
a color filter array in which the basic array pattern P has 7x7
pixels, and, as illustrated in FIG. 17, a color filter array in
which the basic array pattern P has 8x8 pixels, and so on.

Since these color filters have the feature (6), computation
of'a high precision AF evaluation value is enabled by reading
line image data from arrays with G pixels in matching posi-
tions in the horizontal direction, and summing G pixels.

Note that in consideration of the ease of image processing,
such as synchronization processing or thinning processing
during video image capture, preferably N, M are each 10 or
lower.

Moreover, although explanation has been given in the
above exemplary embodiment of a case in which there is a
color image pickup device having 3 primary color filters,
RGB, the present invention is not limited thereto, and appli-
cation may be made to a color filter having 4 colors of the
three primary colors RGB+one other color (for example,
emerald (E)), such as for example the color filter illustrated in
FIG. 20. Moreover, the present invention may be applied to a
color filter having a white or transparent (W) filter as the other
color. For example, a W filter may be placed instead of the
emerald of FIG. 20. In such cases, a combination of W and G,
or W is the first color that contributes most to the brightness
signal.

Moreover, the present invention may be applied to a color
image pickup device including a color filter with a comple-
mentary color system of 4 colors with, in addition to G, C
(cyan), M (magenta) andY (yellow), that are the complemen-
tary colors of the primary colors RGB.

Moreover, in each of the above exemplary embodiments,
explanation has been given of cases in which line image data
running along the horizontal direction are read at a predeter-
mined cycle in the vertical direction, however the present
invention is also applicable to cases in which the line image
data running along the vertical direction are read at a prede-
termined cycled in the horizontal direction.

Moreover, in the present exemplary embodiment, a case
has been explained in which lines of matching arrays with G
pixels in matching positions in the horizontal direction in the
basic array pattern P are read, and in which pixel summing
processing is executed that sums same color pixels in line
image data of read matching arrays. However, configuration
may be made such that out of matching array lines in which G
pixels have matching positions in the horizontal direction in
the basic array pattern P, the line image data of the set of
matching array lines with the most G filters is read, and the
contrast AF evaluation value computed based on the read line
image data, without pixel summing. This thereby enables
computation of an AF contrast value with excellent precision
without pixel summing.

For example, as illustrated in FIG. 18, in cases in which line
image date is read with vertical direction ¥4 thinning, each
line read is a matching array line with the greatest number of
G filters from out of matching array lines with G filters in
matching positions in the horizontal direction. Consequently,
computation of a contrast AF evaluation value may be per-
formed based on this line image data, without pixel summing
the line image data of these matching array lines.

Moreover, as illustrated in FIG. 19, all line image data may
be read from the set of matching arrays having the greatest
number of G filters, and a contrast AF evaluation value may be
computed based on these line image data without performing
pixel summing on these line image data.
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Moreover, in the present exemplary embodiment, explana-
tion has been given regarding a case in which lines of match-
ing arrays, with G pixels in matching positions in the hori-
zontal direction in the basic array pattern P, are read from the
image pickup device 14, and pixel summing processing
executed that pixel sums same color pixels of line image data
of read matching arrays. However, configuration may be
made such that pixel signals of pixels are read for all the lines,
and then line image data of matching array lines, having G
pixels in matching positions in the horizontal direction in the
basic array filter P, used selectively for pixel summing (with
lines of other line image data not being used or stored).
Moreover, configuration may be made such that pixel signals
of pixels are read for all the lines and temporarily stored in
memory of RAM or the like, and then line image data in the
basic array pattern P of matching array lines, having G pixels
in matching positions in the horizontal direction, used selec-
tively for pixel summing (in these embodiments the image
capture processing section 16 of the image processing section
20 corresponds to the line image data generation means)

Moreover, in the present exemplary embodiment, explana-
tion has been given regarding a case in which line image data
of' matching array lines in the basic array pattern P are respec-
tively read from the image pickup device 14, line image data
generated, and pixel summing performed thereon. However,
pixel summing may be performed in the image pickup device
14. In particular, a greater reduction in video processing time
is enabled by performing pixel summing (pixel mixing) in the
image pickup device 14 directly after reading (in the case of
this embodiment, the image pickup device 14 and the drive
section 22 correspond to the line image data generation
means and the pixel summing means).

It goes without saying that the present invention is not
limited by the exemplary embodiments that are described
above, and various other modifications may be implemented
within a range not departing from the spirit of the present
invention.

What is claimed is:

1. An imaging apparatus comprising:

an image pickup device comprising a plurality of photo-
electric conversion elements arrayed in a predetermined
first direction and a second direction intersecting with
the first direction;

a color filter that is provided above a plurality of pixels
configured by the plurality of photoelectric conversion
elements, the color filter having repeatedly disposed
basic array patterns that each include a plurality of array
lines that each run along the second direction and
include, in the second direction, at least one of each of a
first filter corresponding to a first color that contributes
most to obtaining a brightness signal or each of second
filters respectively corresponding to 2 or more second
colors other than the first color, with the plurality of
array lines including a plurality of matching array lines
in which the second direction positions of the first filter
match each other and including at least one array line
that has a different array of the first filters in the second
direction to that of the matching array lines, and each
basic array pattern of said basic array patterns is 6x6
pixels;

aline image data generation section that reads pixel signals
of the plurality of pixels at a set cycle from the image
pickup device, and, from the read pixel signals, gener-
ates, from out of the plurality of pixels, line image data
of the matching array lines in the base array pattern;
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a pixel summing section that sums together pixels at least
for pixels of the first color out of the generated line
image data of the matching array lines; and

an computation section that computes an evaluation value
for contrast AF based on the line image data that has
been pixel summed, and

wherein:

the first color is green (G), and the second colors are red (R)
and blue (B), and

18

matching array lines, and each basic array pattern of said
basic array patterns is 6x6 pixels;

aline image data generation section that reads pixel signals
of the plurality of pixels at a set cycle from the image
pickup device, and, from the read pixel signals, gener-
ates line image data ofthe matching array lines out of the
array lines of the set with the greatest number of the first
filter; and

an computation section that computes an evaluation value

the color filter includes an R filter, a G filter, and a B filter 10 for contrast AF based on the line image data generated
corresponding to colors red (R), green (G) and blue (B), by the line image data generation section, and
and wherein:
the color filter is configured by a first array and a second the first color is green (G), and the second colors arered (R)
array alternately arrayed in the first direction and the and blue (B), and
second direction, wherein the first array corresponds to 15 the color filter includes an R filter, a G filter, and a B filter
33 pixels with the G filter placed at the center and the 4 corresponding to colors red (R), green (G) and blue (B),
corners, the B filter placed at the top and bottom of the and
central G filter, and the R filter placed at the left and right the color filter is configured by a first array and a second
of' the central G filter, and the second array corresponds array alternately arrayed in the first direction and the
to 3x3 pixels with the G filter placed at the center and the 20 second direction, wherein the first array corresponds to
4 corners, the R filter placed at the top and bottom of the 3x3 pixels with the G filter placed at the center and the 4
central G filter, and the B filter placed at the left and right corners, the B filter placed at the top and bottom of the
of the central G filter. central G filter, and the R filter placed at the left and right
2. The imaging apparatus of claim 1, wherein: of the central G filter, and the second array corresponds
in cases in which there is a plurality of sets of the matching 25 to 3x3 pixels with the G filter placed at the center and the

array lines present in the basic array pattern, the line
image data generation section generates line image data
for the matching array lines of the set with the greatest
number of the first filter.

3. The imaging apparatus of claim 1, wherein:

in cases in which there is a plurality of sets of the matching
array lines present in the basic array pattern, the line
image data generation section generates line image data
for all the sets of the matching array lines; and

the pixel summing section sums together pixels of the first
color in the line image data for each of the sets of the
matching array lines.

4. The imaging apparatus of claim 1, wherein the line

30

4 corners, the R filter placed at the top and bottom of the
central G filter, and the B filter placed at the left and right
of the central G filter.

7. A control method for an imaging apparatus equipped
with an image pickup device comprising a plurality of pho-
toelectric conversion elements arrayed in a predetermined
first direction and a second direction intersecting with the first
direction, and a color filter that is provided above a plurality
of pixels configured by the plurality of photoelectric conver-
sion elements, the color filter having repeatedly disposed
basic array patterns that each include a plurality of array lines
that each run along the second direction and include in the
second direction at least one of each of a first filter corre-

image data generation section generates line image data of
matching array lines that are positioned closest to each other
in the first direction.

sponding to a first color that contributes most to obtaining a
brightness signal or each of second filters respectively corre-
sponding to 2 or more second colors other than the first color,

40

5. The imaging apparatus of claim 1, wherein:

the line image data generation section reads pixel signals of
the plurality of pixels at the set cycle from the image
pickup device, and, from out of the plurality of pixels,
reads the pixel signals of the matching array lines in the
basic array pattern and generates the line image data.

6. An imaging apparatus comprising:

an image pickup device comprising a plurality of photo-

45

with the plurality of array lines including a plurality of match-
ing array lines in which the second direction positions of the
first filter match each other and including at least one array
line that has a different array of the first filters in the second
direction to that of the matching array lines, and each basic
array pattern of said basic array patterns is 6x6 pixels, the
control method comprising:

reading pixel signals of the plurality of pixels at a set cycle

electric conversion elements arrayed in a predetermined 50 from the image pickup device;

first direction and a second direction intersecting with from the read pixel signals, generating from out of the

the first direction; plurality of pixels, line image data of the matching array
a color filter that is provided above a plurality of pixels lines in the base array pattern;

configured by the plurality of photoelectric conversion summing together pixels at least for pixels of the first color

elements, the color filter having repeatedly disposed 55 out of the generated line image data of the matching

basic array patterns that each include a plurality of array array lines; and

lines that each run along the second direction and computing an evaluation value for contrast AF based onthe

include in the second direction at least one of each of a line image data that has been pixel summed, and

first filter corresponding to a first color that contributes wherein:

most to obtaining a brightness signal or each of second 60  the firstcoloris green (G), and the second colors arered (R)

filters respectively corresponding to 2 or more second and blue (B), and

colors other than the first color, with the plurality of the color filter includes an R filter, a G filter, and a B filter

array lines including at least a plurality of first matching corresponding to colors red (R), green (G) and blue (B),

array lines in which the second direction positions of the and

first filter match each other, and a plurality of second 65  the color filter is configured by a first array and a second

matching array lines that have a different array of the
first filters in the second direction to that of the first

array alternately arrayed in the first direction and the
second direction, wherein the first array corresponds to
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33 pixels with the G filter placed at the center and the 4
corners, the B filter placed at the top and bottom of the
central G filter, and the R filter placed at the left and right
of' the central G filter, and the second array corresponds
to 3x3 pixels with the G filter placed at the center and the
4 corners, the R filter placed at the top and bottom of the
central G filter, and the B filter placed at the left and right
of the central G filter.

8. A non-transitory storage medium storing a control pro-
gram that causes processing to be executed in a computer to
control an imaging apparatus equipped with an image pickup
device comprising a plurality of photoelectric conversion ele-
ments arrayed in a predetermined first direction and a second
direction intersecting with the first direction, and a color filter
that is provided above a plurality of pixels configured by the
plurality of photoelectric conversion elements, the color filter
having repeatedly disposed basic array patterns that each
include a plurality of array lines that each run along the
second direction and include in the second direction at least
one of each of a first filter corresponding to a first color that
contributes most to obtaining a brightness signal or each of
second filters respectively corresponding to 2 or more second
colors other than the first color, with the plurality of array
lines including a plurality of matching array lines in which the
second direction positions of the first filter match each other
and including at least one array line that has a different array
of the first filters in the second direction to that of the match-
ing array lines, and each basic array pattern of said basic array
patterns is 6x6 pixels, the processing comprising:

a step of reading pixel signals of the plurality of pixels at a

set cycle from the image pickup device;

astep of, from the read pixel signals, generating from out of
the plurality of pixels, line image data of the matching
array lines in the base array pattern;

a step of summing together pixels at least for pixels of the
first color out of the generated line image data of the
matching array lines; and

a step of computing an evaluation value for contrast AF
based on the line image data that has been pixel summed,
and

wherein:

the first color is green (G), and the second colors are red (R)
and blue (B), and

the color filter includes an R filter, a G filter, and a B filter
corresponding to colors red (R), green (G) and blue (B),
and

the color filter is configured by a first array and a second
array alternately arrayed in the first direction and the
second direction, wherein the first array corresponds to
33 pixels with the G filter placed at the center and the 4
corners, the B filter placed at the top and bottom of the
central G filter, and the R filter placed at the left and right
of' the central G filter, and the second array corresponds
to 3x3 pixels with the G filter placed at the center and the
4 corners, the R filter placed at the top and bottom of the
central G filter, and the B filter placed at the left and right
of the central G filter.

9. A non-transitory storage medium storing a control pro-
gram that causes processing to be executed in a computer, the
processing comprising:

a step of generating line image data from pixel signals of
pixel signals that have been read at a set cycle from a
plurality of pixels in an image pickup device, the image
pickup device comprising a plurality of photoelectric
conversion elements arrayed in a predetermined first
direction and a second direction intersecting with the
first direction, and a color filter that is provided above a
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plurality of pixels configured by the plurality of photo-
electric conversion elements, the color filter having
repeatedly disposed basic array patterns that each
include a plurality of array lines that each run along the
second direction and include in the second direction at
least one of each of a first filter corresponding to a first
color that contributes most to obtaining a brightness
signal or each of second filters respectively correspond-
ing to 2 or more second colors other than the first color,
with the plurality of array lines including a plurality of
matching array lines in which the second direction posi-
tions of the first filter match each other and including at
least one array line that has a different array of the first
filters in the second direction to that of the matching
array lines, and each basic array pattern of said basic
array patterns is 6x6 pixels, and the line image data
being generated for each of the matching array lines in
the basic array pattern out of the plurality of pixels;

a step of summing together pixels at least for pixels of the
first color out of the generated line image data of the
matching array lines; and

a step of computing an evaluation value for contrast AF
based on the line image data that has been pixel summed,
and

wherein:

the first color is green (G), and the second colors arered (R)
and blue (B), and

the color filter includes an R filter, a G filter, and a B filter
corresponding to colors red (R), green (G) and blue (B),
and

the color filter is configured by a first array and a second
array alternately arrayed in the first direction and the
second direction, wherein the first array corresponds to
3x3 pixels with the G filter placed at the center and the 4
corners, the B filter placed at the top and bottom of the
central G filter, and the R filter placed at the left and right
of the central G filter, and the second array corresponds
to 3x3 pixels with the G filter placed at the center and the
4 corners the R filter placed at the top and bottom of the
central G filter, and the B filter placed at the left and right
of the central G filter.

10. An imaging apparatus comprising:

an image pickup device comprising a plurality of photo-
electric conversion elements arrayed in a predetermined
first direction and a second direction intersecting with
the first direction;

a color filter that is provided above a plurality of pixels
configured by the plurality of photoelectric conversion
elements, the color filter having repeatedly disposed
basic array patterns that each include a plurality of array
lines that each run along the second direction and
include, in the second direction, at least one of each of a
first filter corresponding to a first color that contributes
most to obtaining a brightness signal or each of second
filters respectively corresponding to 2 or more second
colors other than the first color, with the plurality of
array lines including a plurality of matching array lines
in which the second direction positions of the first filter
match each other and including at least one array line
that has a different array of the first filters in the second
direction to that of the matching array lines, and

each basic array pattern of said basic array patterns is 6x6
pixels;

aline image data generation section that reads pixel signals
of the plurality of pixels at a set cycle from the image
pickup device, and, from the read pixel signals, gener-
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ates, from out of the plurality of pixels, line image data
of the matching array lines in the base array pattern;

a pixel summing section that sums together pixels at least
for pixels of the first color out of the generated line
image data of the matching array lines; and

an computation section that computes an evaluation value
for contrast AF based on the line image data that has
been pixel summed, and

wherein:

the first color is green (G), and the second colors are red (R)
and blue (B), and

the color filter includes an R filter, a G filter, and a B filter
corresponding to colors red (R), green (G) and blue (B),
and

the color filter is configured by a first array and a second
array alternately arrayed in the first direction and the
second direction, wherein the first array corresponds to
3x3 pixels with the R filter placed at the center, the B
filter placed at the 4 corners, and the G filter placed at the
top, bottom, left and right of the central R filter, and the
second array corresponds to 3x3 pixels with the B filter
placed at the center, the R filter placed at the 4 corners,
and the G filter placed at the top, bottom, left and right of
the central B filter.

11. The imaging apparatus of claim 10, wherein:

in cases in which there is a plurality of sets of the matching
array lines present in the basic array pattern, the line
image data generation section generates line image data
for the matching array lines of the set with the greatest
number of the first filter.

12. The imaging apparatus of claim 10, wherein:

in cases in which there is a plurality of sets of the matching
array lines present in the basic array pattern, the line
image data generation section generates line image data
for all the sets of the matching array lines; and

the pixel summing section sums together pixels of the first
color in the line image data for each of the sets of the
matching array lines.

13. The imaging apparatus of claim 10, wherein the line
image data generation section generates line image data of
matching array lines that are positioned closest to each other
in the first direction.

14. The imaging apparatus of claim 10, wherein:

the line image data generation section reads pixel signals of
the plurality of pixels at the set cycle from the image
pickup device, and, from out of the plurality of pixels,
reads the pixel signals of the matching array lines in the
basic array pattern and generates the line image data.

15. An imaging apparatus comprising:

an image pickup device comprising a plurality of photo-
electric conversion elements arrayed in a predetermined
first direction and a second direction intersecting with
the first direction;

a color filter that is provided above a plurality of pixels
configured by the plurality of photoelectric conversion
elements, the color filter having repeatedly disposed
basic array patterns that each include a plurality of array
lines that each run along the second direction and
include in the second direction at least one of each of a
first filter corresponding to a first color that contributes
most to obtaining a brightness signal or each of second
filters respectively corresponding to 2 or more second
colors other than the first color, with the plurality of
array lines including at least a plurality of first matching
array lines in which the second direction positions of the
first filter match each other, and a plurality of second
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matching array lines that have a different array of the
first filters in the second direction to that of the first
matching array lines, and

each basic array pattern of said basic array patterns is 6x6

pixels;

aline image data generation section that reads pixel signals

of the plurality of pixels at a set cycle from the image
pickup device, and, from the read pixel signals, gener-
ates line image data ofthe matching array lines out of the
array lines of the set with the greatest number of the first
filter; and

an computation section that computes an evaluation value

for contrast AF based on the line image data generated
by the line image data generation section, and
wherein:

the first color is green (G), and the second colors arered (R)

and blue (B), and

the color filter includes an R filter, a G filter, and a B filter

corresponding to colors red (R), green (G) and blue (B);
and

the color filter is configured by a first array and a second

array alternately arrayed in the first direction and the
second direction, wherein the first array corresponds to
3x3 pixels with the R filter placed at the center, the B
filter placed at the 4 corners, and the G filter placed at the
top, bottom, left and right of the central R filter, and the
second array corresponds to 3x3 pixels with the B filter
placed at the center, the R filter placed at the 4 corners,
and the G filter placed at the top, bottom, left and right of
the central B filter.

16. A control method for an imaging apparatus equipped
with an image pickup device comprising a plurality of pho-
toelectric conversion elements arrayed in a predetermined
first direction and a second direction intersecting with the first
direction, and a color filter that is provided above a plurality
of pixels configured by the plurality of photoelectric conver-
sion elements, the color filter having repeatedly disposed
basic array patterns that each include a plurality of array lines
that each run along the second direction and include in the
second direction at least one of each of a first filter corre-
sponding to a first color that contributes most to obtaining a
brightness signal or each of second filters respectively corre-
sponding to 2 or more second colors other than the first color,
with the plurality of array lines including a plurality of match-
ing array lines in which the second direction positions of the
first filter match each other and including at least one array
line that has a different array of the first filters in the second
direction to that of the matching array lines, and

each basic array pattern of said basic array patterns is 6x6

pixels, the control method comprising:

reading pixel signals of the plurality of pixels at a set cycle

from the image pickup device;

from the read pixel signals, generating from out of the

plurality of pixels, line image data of the matching array
lines in the base array pattern;

summing together pixels at least for pixels of the first color

out of the generated line image data of the matching
array lines; and

computing an evaluation value for contrast AF based onthe

line image data that has been pixel summed,

wherein:

the first color is green (G), and the second colors arered (R)

and blue (B), and

the color filter includes an R filter, a G filter, and a B filter

corresponding to colors red (R), green (G) and blue (B),
and
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the color filter is configured by a first array and a second
array alternately arrayed in the first direction and the
second direction, wherein the first array corresponds to
3x3 pixels with the R filter placed at the center, the B
filter placed at the 4 corners, and the G filter placed at the
top, bottom, left and right of the central R filter, and the
second array corresponds to 3x3 pixels with the B filter
placed at the center, the R filter placed at the 4 corners,
and the G filter placed at the top, bottom, left and right of
the central B filter.

17. A non-transitory storage medium storing a control pro-
gram that causes processing to be executed in a computer to
control an imaging apparatus equipped with an image pickup
device comprising a plurality of photoelectric conversion ele-
ments arrayed in a predetermined first direction and a second
direction intersecting with the first direction, and a color filter
that is provided above a plurality of pixels configured by the
plurality of photoelectric conversion elements, the color filter
having repeatedly disposed basic array patterns that each
include a plurality of array lines that each run along the
second direction and include in the second direction at least
one of each of a first filter corresponding to a first color that
contributes most to obtaining a brightness signal or each of
second filters respectively corresponding to 2 or more second
colors other than the first color, with the plurality of array
lines including a plurality of matching array lines in which the
second direction positions of the first filter match each other
and including at least one array line that has a different array
of the first filters in the second direction to that of the match-
ing array lines, and

each basic array pattern of said basic array patterns is 6x6
pixels, the processing comprising:

a step of reading pixel signals of the plurality of pixels at a
set cycle from the image pickup device;

astep of, from the read pixel signals, generating from out of
the plurality of pixels, line image data of the matching
array lines in the base array pattern;

a step of summing together pixels at least for pixels of the
first color out of the generated line image data of the
matching array lines; and

a step of computing an evaluation value for contrast AF
based on the line image data that has been pixel summed,

wherein:

the first color is green (G), and the second colors are red (R)
and blue (B), and

the color filter includes an R filter, a G filter, and a B filter
corresponding to colors red (R), green (G) and blue (B),
and

the color filter is configured by a first array and a second
array alternately arrayed in the first direction and the
second direction, wherein the first array corresponds to
3x3 pixels with the R filter placed at the center, the B
filter placed at the 4 corners, and the G filter placed at the
top, bottom, left and right of the central R filter, and the
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second array corresponds to 3x3 pixels with the B filter
placed at the center, the R filter placed at the 4 corners,
and the G filter placed at the top, bottom, left and right of
the central B filter.

18. A non-transitory storage medium storing a control pro-
gram that causes processing to be executed in a computer, the
processing comprising:

a step of generating line image data from pixel signals of
pixel signals that have been read at a set cycle from a
plurality of pixels in an image pickup device, the image
pickup device comprising a plurality of photoelectric
conversion elements arrayed in a predetermined first
direction and a second direction intersecting with the
first direction, and a color filter that is provided above a
plurality of pixels configured by the plurality of photo-
electric conversion elements, the color filter having
repeatedly disposed basic array patterns that each
include a plurality of array lines that each run along the
second direction and include in the second direction at
least one of each of a first filter corresponding to a first
color that contributes most to obtaining a brightness
signal or each of second filters respectively correspond-
ing to 2 or more second colors other than the first color,
with the plurality of array lines including a plurality of
matching array lines in which the second direction posi-
tions of the first filter match each other and including at
least one array line that has a different array of the first
filters in the second direction to that of the matching
array lines, and each basic array pattern of said basic
array patterns is 6x6 pixels, and the line image data
being generated for each of the matching array lines in
the basic array pattern out of the plurality of pixels;

a step of summing together pixels at least for pixels of the
first color out of the generated line image data of the
matching array lines; and

a step of computing an evaluation value for contrast AF
based on the line image data that has been pixel summed,

wherein:

the first color is green (G), and the second colors arered (R)
and blue (B), and

the color filter includes an R filter, a G filter, and a B filter
corresponding to colors red (R), green (G) and blue (B),
and

the color filter is configured by a first array and a second
array alternately arrayed in the first direction and the
second direction, wherein the first array corresponds to
3x3 pixels with the R filter placed at the center, the B
filter placed at the 4 corners, and the G filter placed at the
top, bottom, left and right of the central R filter, and the
second array corresponds to 3x3 pixels with the B filter
placed at the center, the R filter placed at the 4 corners,
and the G filter placed at the top, bottom, left and right of
the central B filter.

#* #* #* #* #*



